PCT/USOl/25108 




90 



wo 02/15645 



PCT/USOl/25108 




wherein R, Rj, R2, R3, R4, R5, Rg, R7 and Rg are, independently, hydrogen, 
halogen, alkyl or aryl. 

10. The organic light emitting device of claim 1, wherein the emissive layer further 
comprises: 

a host material having a lowest triplet excited state having a first decay rate of less 
than about 1 per second; wherein the organometallic compound is present as a 
guest material dispersed in the host material, the organometallic compound having 
a lowest triplet excited state having a radiative decay rate of greater than about 
1x10^ per second and wherein the energy level of the lowest triplet excited state of 
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the host material is lower than the energy level of the lowest triplet excited state of 
the orgaaometallic compound. 

1 1 . The organic light emitting device of claim 2, wherein the emissive layer fiirther 
comprises: 

a host material having a lowest triplet excited state having a JSrst decay rate of less 
than about 1 per second; wherein the organometallic compound is present as a 
guest material dispersed in the host material, the organometallic compound having 
a lowest triplet excited state having a radiative decay rate of greater than about 
1x1 0^ per second and wherein the energy level of the lowest triplet excited state of 
the host material is lower than the energy level of the lowest triplet excited state of 
the organometallic compoamd. 

12. The organic light emitting device of claim 3, wherein the emissive layer fiirther 

comprises: 

a host material having a lowest triplet excited state having a first decay rate of less 
than about 1 per second; wherein the organometallic compound is present as a 
guest material dispersed in the host material, the organometallic compound having 
a lowest triplet excited state having a radiative decay rate of greater than about 
1x10^ per second and wherein the energy level of the lowest triplet excited state of 
the host material is lower than the energy level of the lowest triplet excited state of 
the organometallic compound. 
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1 3 . The organic light emitting device of claim 4, wherein the emissive layer further 
comprises: 

a host material having a lowest triplet excited state having a first decay rate of less 
than about 1 per second; wherein the organometallic compound is present as a 
guest material dispersed in the host material, the organometallic compound having 
a lowest triplet excited state having a radiative decay rate of greater than about 
1x10' per second and wherein the energy level of the lowest triplet excited state of 
the host material is lower than the energy level of the lowest triplet excited state of 
the organometallic compound. 

14. The organic light emitting device of claim 5, wherein the emissive layer further 
comprises: 

a host material having a lowest triplet excited state having a first decay rate of less 
than about 1 per second; wherein the organometallic compoxmd is present as a 
guest material dispersed in the host material, the organometallic compound having 
a lowest triplet excited state having a radiative decay rate of greater than about 
1x10^ per second and wherein the energy level of the lowest triplet excited state of 
the host material is lower than the energy level of the lowest triplet excited state of 
the organometallic compound. 
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15. The organic light emitting device of claim 6, wherein the emissive layer further 
comprises: 

a host material having a lowest triplet excited state having a first decay rate of less 
than about 1 per second; wherein the organometallic compound is present as a 
guest material dispersed in the host material, the organometallic compound having 
a lowest triplet excited state having a radiative decay rate of greater than about 
1x10^ per second and wherein the energy level of the lowest triplet excited state of 
the host material is lower than the energy level of the lowest triplet excited state of 
the organometallic compound. 

16. The organic light emitting device of claim 7, wherein the emissive layer further 
comprises: 

a host material having a lowest triplet excited state having a first decay rate of less 
than about 1 per second; wherein the organometalUc compound is present as a 
guest material dispersed in the host material, the organometallic compound having 
a lowest triplet excited state having a radiative decay rate of greater than about 
1x10^ per second and wherein the energy level of the lowest triplet raccited state of 
the host material is lower than the energy level of the lowest triplet excited state of 
the organometallic compound. 

17. The organic light emitting device of claim 8, wherein the emissive layer fiirther 
comprises: 
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a host material having a lowest triplet excited state having a first decay rate of less 
than about 1 per second; wherein the organometallic compound is present as a 
guest material dispersed in the host material, the organometallic compound having 
a lowest triplet excited state having a radiative decay rate of greater than about 
1x10^ per second and wherein the energy level of the lowest triplet excited state of 
the host material is lower than the energy level of the lowest triplet excited state of 
the organometallic compound. 

18. The organic light emitting device of claim 9, wherein the emissive layer further 
comprises: 

. a host material having a lowest triplet excited state having a first decay rate of less 
than about 1 per second; wherein the organometallic compoimd is present as a 
guest material dispersed in the host material, the organometalhc compound having 
a lowest triplet excited state having a radiative decay rate of greater than about 
1x10^ per second and wherein the energy level of the lowest triplet excited state of 
the host material is lower than the energy level of the lowest triplet excited state of 
the organometallic compound. 

19. The organic light emitting device of claim 10, wherein the energy difference 
between the lowest triplet excited state of the organometalUc compound and a 
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corresponding relaxed stated of the orpnometallic compound has a corresponding 
wavelength of about 420 nm to 480 nm for blue light emission. 

20. The organic light emitting device of claim 1 0, wherein the energy difference 
between the lowest triplet excited state of the organometallic compound and a 
corresponding relaxed stated of the organometallic compound has a corresponding 
wavelength of about 480 nm to 510 nm for aqua-blue light emission. 

21. The organic light emitting device of claim 1 0, wherein the host material has a 
bandgap with an energy difference corresponding to about 470 nm and the 
organometallic compound has a lowest triplet excited state at an energy level at 
about 450 nm. 

22. The organic light emitting device of claim 10, wherein the host material is an 
electron transport layer. 

23. The organic light emitting device of claim 10, wherein the host material conducts 
electrons primarily through hole transmission. 

24. The organic light emitting device of claim 10, wherein the ratio of the host material 
and organometallic compound decay rates is at least about 1:1000 to about 5:1000. 

25. The organic light emitting device of claim 10, wherein the host material is TPD. 
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26. The organic light emitting device of claim 10, wherein a plurality of 
organometallic compounds are dispersed in the host material. 

27. An organometallic compound comprising: 

a heavy transition metal that produces an efficient phosphorescent emission at 

room temperature from a mixture of metal-to-ligand charge transfer and it - tc* ligand . 

states; 

at least one mono-anionic, bidentate, carbon-coordination ligand bound to the 
heavy transition metal, wherein the at least one mono-anionic, bidentate, carbon- 
coordination ligand is substituted with at least one of an electron donating 
substituent and an electron >Adthdrawing substituent, wherem the at least one of an 
electron donating substituent and an electron withdrawing substituent shifts the 
emission, relative to an un-substituted mono-anionic, bidentate, carbon- 
coordination ligand, to either the blue, green or red region of the visible spectrum; 
and 

at least one non-mono-anionic, bidentate, carbon-coordination ligand bound to the 
heavy transition metal, wherein the at least one non-mono-anionic, bidentate, 
carbon-coordination ligand causes the emission to have a well defined vibronic 

structure. 

28 . The organometallic compound of claim 27, wherein the heavy transition metal is 
selected Irom the group consisting of Os, Ir, Pt and Au. 
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29. An orgaaometallic compoimd comprising: 
a heavy transition metal; 

at least one mono-anionic, bidentate, carbon-coordination ligand bound to the 
heavy transition metal; and 

at least one non-mono-anionic, bidentate, carbon-coordination ligand bound to the 
heavy transition metal, wherein the organometallic compound has a chemical 
structure represented by a formula selected form the group consisting of: 
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30. An organometallic compound comprising: 
a heavy transition metal; 

at least one mono-anionic, bidentate, carbon-coordination ligand bound to the 
heavy transition metal; and 

at least one non-mono-anionic, bidentate, carbon-coordination ligand bound to the 
heavy transition metal, wherein the organometallic compound has a chemical 
structure represented by the following formula: 
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Wavelength (nm) 



Figure 1a: 
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Wavelength (nm) 



Figure 1 b: 
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Current density (mA/Gm ) 



Figure 2: 
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Figure 3: 
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Figure 4; 




X = S, O, NR; and R,, Rj, R3, R4 and R5 are, independently, hydrogen, halogen, alkyl, 
axyl or aiylene; and R'l and R'z may, in combination, be aiyl. 
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Generic Mono-Anionic, Bidentate, Carbon-Coordination Ligands-II 




X = S, O, NR; and R], Ra, R3, R4 and R5 are, independently, hydrogen, halogen, alkyl, 
aryl or arylene; and R\ and R'2 may, in combination, be aryl. 




X = S, O, NR; and Rj, Rj, R3, R4 and R5 are, independently, hydrogen, halogen, alkyl, 
aryl or arylene. 
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R, R], R2. R3. R4» ^5= and R^ are, independently, hydrogen, halogen, alkyl or aryl. 
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Generic Non-Mono-Anionic, Bidentate, Carbon-Coordination Ligands-Il 
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X = CH,Nand 
E = O, S, Se, Te 
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R, Rj, R2, R3, R4, R5, Rfi. R? and Rg are, independently, hydrogen, halogen, alkyl or aryl. 



wo 02/15645 PCT/USOl/25108 

12/49 

hgure foe 

Specific Non-Mono-Anionic, Bidentate, Carbon-Coordination Ligands 
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(ppy)Pt(acac) (tpy)Pt(acac) (bzq)Pt(acac) .(4,6-F2Ppy)Pt(acac) 




(btp)Pt(acac) (4,5-F2Ppy)Pt(acac) (4,5-F2Ppy)Pt(pico) 



Figures 1^)- ^C*^) 
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Figure lO'This Emission specirum shows Ihe spectra of bmh PKppy); and PUppY),Br,. The former gives gveen emission, panly form MLCT 
transitions, and the latter gives blue emission, predominantly from a triplet n-Tt* tiansition. The siruciure observed for the Pt(ppy),Br, 
spectrum is consistent with ligand centered emission. The luminescent lifetimes fonhc two complenes are 4 and 150 usee. 
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Figure ilt This ploi shows the emission spectra of (ppy)AuCU and lppy)A ll'-biphenylene). Both emit from ligand triplet it-:t* 



transitions. 
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FIG. 17 
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FIG. 18 
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FIG. 19 
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FIG. 20 
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FIG. 21 
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FIG. 22 
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